INTRODUCTION
In the past decade, a groundswell of interest in experiences and training opportunities in global health has occurred among students of medical, public health, and other health professions in the United States. This trend is shown by substantial increases in numbers of medical students seeking international rotations; 1 the creation of partnerships between U.S. health care institutions and teaching hospitals in developing countries; 2 and increased numbers of training experiences in research, clinical care, and public health in resource-limited settings. [3] [4] [5] [6] The optimal venue in which to provide global health research training for U.S. and international trainees is in situ , embedded in public health, treatment, and research programs in low-income and middle-income countries that are designed to provide mutual benefit to both sending and hosting institutions. 7 Recognizing this fact, in 2003 the Fogarty International Center (FIC) of the U.S. National Institutes of Health (NIH), with additional support from other NIH institutes and centers and the Ellison Medical Foundation, established a program to provide training opportunities for professional and doctoral students in global clinical research. In 2008, the program was expanded in size and scope, with postdoctoral clinical and research fellows included. We provide a program description and report early outcomes.
PROGRAM DESCRIPTION AND TRAINEE SELECTION
Scholars Program. The Fogarty International Clinical Research Scholars Program (FICRS, www.fogartyscholars.org ) was initiated in 2003 with the goal of fostering the next generation of clinical investigators and to help build international health research partnerships between American and international investigators and institutions. It is a one-year mentored training experience that provides opportunities for U.S. graduate students and matched international trainees in the health professions and medical sciences to participate in clinical research, gaining hands-on experience at vetted research centers funded by the U.S. NIH in low-income and middle-income countries in Africa, Asia, Central and South America, the Caribbean, and eastern Europe ( Table 1 ) .
The U.S. Scholars are professional or graduate students in doctoral programs in all disciplines of the health sciences who express serious interest in potential careers in global health research. They are selected through a competitive application and interview process. Typical cohorts comprise doctoral candidates in allopathic or osteopathic medicine, public health (e.g., epidemiology, international health, and behavioral sciences), veterinary medicine, dentistry, nursing, and pharmacy. All U.S. Scholars are matched or twinned with foreign national Scholars chosen by the international research sites through individually administered selection processes. The non-U.S. Scholars need not be students, but can be junior postgraduate trainees. The U.S. and international Scholars may collaborate on common research projects, or they may engage in different projects. International Scholars serve as resources for the U.S. Scholars in research, cultural understanding, and, typically, friendship. In turn, U.S. Scholars may bring specific clinical or research skills that are shared in-country with their counterparts. By completing research training entirely in the international sites, the program provides a mentored opportunity for both training and capacity building in the foreign research sites.
Scholar candidates from the United States apply online annually, and finalists selected by an external review committee are interviewed individually by representatives of the international training sites at a meeting held on the NIH campus. Applicants and site representatives then submit rank order preference lists that are used to match applicants to sites.
Fellows Program. international medical residents and Fellows, and postdoctoral scientists enrolled in health-related training programs. Fellow applicants apply online annually, including a description of a research project. Finalists selected by an external review committee are subsequently interviewed via telephone by members of a separate committee. Fellowships are awarded on the basis of evaluations of the applications and interviews, and the priorities of the available funding sources for the given year. Together, the Scholars and Fellows programs are called the Fogarty International Clinical Research Scholars and Fellows Program (FICRS-F).
Site selection. The initial 14 training sites were selected from supplemental award proposals received from FIC training grant recipients. Eligibility was restricted to sites with NIHfunded research, post-graduate educational programs, on-site full-time mentors, and consideration of other factors such as housing, safety, and language requirements. Subsequent sites were added to provide greater geographic diversity and breadth of research activities. In 2008, all the sites were re-competed; 25 sites were selected for the Scholars and the Fellows programs and an additional 24 sites were approved for the Fellows program alone. As Fellow applicants have applied to work in new sites, additional Fellows sites have been added.
Training experience. The training experience for all U.S. and international Scholars and Fellows begins with a two-week July orientation and training session held on the NIH campus. The orientation reviews key principles of clinical and translational * AIDS = acquired immunodeficiency syndrome; STD = sexually transmitted disease; Div. = Division; CDC = Center for Disease Control; UTEP = University of Texas at El Paso; HIV = human immunodeficiency syndrome. 
Funding and administration. To provide programmatic support to the FICRS-F Program, the FICRS-F Support Center at Vanderbilt was established through an R24 research support grant by FIC in 2007. 8 The Support Center provides overall program management, information dissemination and applicant selection, communication, program coordination and logistics, program monitoring and evaluation, organization of educational programs and conferences, and tracking and maintenance of relationships with program alumni. Assessment of mentorship and the quality of the training experience, as well as the productivity of the trainee, are vital components of the Support Center's responsibilities. Outreach to numerous health-science fields is also conducted by the original partner in the Support Center, the Association of American Medical Colleges, with its focus on medical students and clinical residents and Fellows, complemented by the Association of Schools of Public Health, which focuses on all other health science disciplines.
The cost of a Scholar pair or a single Fellow is approximately $100,000, although costs vary significantly depending on the country of training and type of trainee. Approximately 70-90% of the funds support the trainees' direct costs, such as stipends, insurance, training funds, travel, and orientation. The remainder supports infrastructure and capacity-building at the host international sites, and program administration costs. Significant economies of scale were achieved by having a central support center that required only approximately 7% of total costs. Several NIH Institutes and Centers (ICs) partner with the FIC by contributing support to the program to increase trainee numbers and to focus some Scholar and Fellow placements on research activities related to the participating ICs' areas of scientific interest. As more ICs have shown interest in the FICRS-F Program ( Table 2 ) , research diversity for trainees has expanded to encompass not only infectious diseases, but oncology, chronic disease, ophthalmology, nursing, and veterinary medicine. For example, 11 FICRS-F sites are also Collaborating Centers of Excel lence in the National Heart, Lung, and Blood Institute/United Health Chronic Disease Initiative in low-and middle-income countries ( http://www.nhlbi.nih.gov/about/globalhealth/ ). Participation as FICRS-F sites was a requirement for eligibility for the Centers of Excellence network in an effort to bridge the training and research mission of the National Heart, Lung, and Blood Institute-supported sites.
Tracking and outcome evaluation. Scholars' and Fellows' career trajectories are followed-up for 20 years after completion of their FICRS-F year, as required by the FIC/NIH, to estimate the program's impact on the global health research workforce. Mid-year and end-of-year assessments of the training experience are administered by the Support Center though the Vanderbilt University online survey and database tool, REDCap™. 8 Survey topics include quality of the training experience and evolving interest in global health and research.
In this follow-up, trainees submit updated curricula vitae every year to the Support Center, including a report of presentations, publications, and other activities. Table 3 ). The four cohorts of Fellows have totaled 70 U.S. Fellows and 52 international Fellows, bringing the total to 558 trainees to date, working in 61 sites in 27 countries ( Table 4 ). All but three of 391 (0.8%) Scholars Basic demographics of the trainees are shown in Table 3 . Except for international Scholars, most trainees have been women. The U.S. Scholars have tended to be younger than their international twins, who had typically completed all formal training before being selected for the Program. Most cohorts have been physicians; public health comprised the second most common background.
Scholars and Fellows have pursued research in a wide variety of topic areas ( Table 5 ). The preponderance of research is related to infectious diseases, especially human immunodeficiency virus/acquired immunodeficiency syndrome (HIV/ AIDS), including disease transmission, diagnostic methods, treatment, and detection and management of complications.
However, projects focusing on chronic conditions such as cancer, cardiovascular disease, diabetes, respiratory disease, trauma, and mental illness are growing with support from partnering NIH ICs ( Table 2 ) .
At least 521 manuscripts have been published by FICRS-F alumni from the 2003-2010 cohorts from their work during and after FICRS-F support, including many in relatively high-impact journals ( Table 6 ) . A FICRS-F trainee appears as first author in 223 publications, and at least 105 publications have more than one trainee as a coauthor. Among these are publications that influenced international guidelines for cotreatment of HIV/AIDS and tuberculosis 9 ; documented social determinants of the resurgence of syphilis in China 10 and proposed worldwide adoption of rapid syphilis testing 11 ; modeled a nationwide analysis of the utility of high-risk human papillomavirus DNA testing as a primary screen for cervical cancer in China 12 ; and outlined opportunities for research training in cardiology in the developing world. 13 Fellows are more advanced in their careers than are Scholars and often publish several papers while still in their year of FICRS-F support ( Figure 2 ) . 
DISCUSSION
The Fogarty International Clinical Research Scholars and Fellows Program was founded to train and inspire doctoral students in the health professions and medical scientists for careers in global health research. Now expanded to include postdoctoral Fellows, the FICRS-F program has made a substantial contribution to the numbers of young U.S. and international scientists and health professionals trained specifically to conduct research in resource-limited settings. By placing trainees in sites that already have substantial biomedical and biobehavioral research underway, dedicated national staff closely linked to U.S.-based scientists and academic institutions help mentor the U.S. and local Scholars and Fellows within world-class research teams. Scholars and Fellows participate in top-quality ongoing research projects and, with the approval of the site directors, may initiate ancillary projects of their own design or add components to the ongoing research that could not be done without their input.
The program periodically encounters challenging issues. Some relate to the level and availability of on-site mentorship. Obtaining Institutional Review Board and ethical review certifications and approvals across multiple institutions and countries can cause delays that, although unavoidable, can threaten the relatively short training period. Safety can be tenuous in As the FICRS-F Program matures, the Support Center at Vanderbilt is engaged in monitoring and documenting career paths of FICRS-F alumni. A significant limitation with regard to documenting the impact of the FICRS-F Program is the lack of an appropriate comparison group, making it difficult to prove that it was participation in FICRS-F and not a prior passion or other factors that were responsible for ultimate career paths in global health research. The lifeblood of the FICRS-F Program is clearly the consistent and passionate support of the FIC and its co-sponsoring NIH ICs and engaged U.S. and international mentors. The total size of the trainee cohort depends heavily on the degree of IC co-funding. A minority of the 27 NIH ICs participate currently ( Table 2 ) , and substantially greater opportunity could be opened, and impact anticipated, if more ICs participated.
In summary, the FICRS-F Program is a groundbreaking effort to nurture a new generation of researchers focused on chronic and infectious diseases in low-and middle-income countries. Since it was established by the Fogarty International Center in 2003, U.S. and international alumni of the FICRS-F Program are scientists and health professionals with substantial exposure to field research. These individuals are primed for future leadership positions in research, health care, governmental and nongovernmental organizations, and academic institutions in the United States and in low-income and middleincome countries worldwide. The long-term impact of the program on the global health research workforce will evolve and will be documented through tracking of outputs and impacts of FICRS-F alumni. The investment of NIH vision and resources into this program will yield results for decades to come, building U.S. and international research human power and improving the health of persons in resource-limited nations.
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